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TECHNOLOGICAL FORECASTING

A PRESCRIPTION

Cetron: Technological Forecasting: A Prescription for the Military R&D Ma

FOR

THE MILITARY R&D MANAGER

by

Marvin J. Cetron

Background. Over the past 5 years,
hoth Governmenl and industry have
become [ascinaled with the potential of
technological forceasting as an aid in
planning R&D hudgels. As lahoratories
expanded and budgets grew, managers
found thal many of the traditional ways
of allocating their resources ol men and
moncy scemed inadequate. Bul most
attempls to build better allocation
systems foundered on Lwo basic ques-
tions: Which research areas are most
likely to be the source of signilicant
Lechnieal breakthroughs? Which break-
throughs are most likely Lo bring an
imporlant new development?

The realization thal technological
(orceasling methods could help answer
these questions was ealching hold
slowly when many R&D planners were
rudely shaken by a new reality: a
leveling-oll or even a culback in most
Government-sponsored rescarch cfforts,
With NASA’s post-Apollo projects whit-
Uled hack, the Uniled States DOI)Y re-
scarch  budgels ecul extensively, and
other usually expanding budgets on a
shorler rein, the need to make hard
choiees in [unding became more eritical
than cver. Now many planners arc
turning to technological forecasting Lo

help them make their dillicult sclec-
tions,

In this paper | will explain some of
the approaches being examined within
the 1.5, Department ol the Navy as well
as some of the dircelions being actively
explored in 1.5, industry. The truth is,
however, this [licld is still in an cvolu-
tionary phasc and most work now beiug
done in one organization cannot bhe
modificd enough [or adoption in others.
At best, whal is being done can provide
many helpful hints lor planners grap-
pling with their own problem of using
technological forecasts in allocation
prohlcnls.l 2

[L is vital to remember thal a techno-
logical forccasl is nol a picture of what
the fulure will bring. Instead, it is a
prediction, with a level of eonfidence, in
a given time (rame, of a lechnical
achievement that could be expected for
a given level of budgelary and man-
power supporl.

The foundalion underlying lechno-
logical lorceasling is the Lencl that
individual R&T) events are snseeptible to
influence. The times al which they
oceur—il they ean oceur al all--can be
modulated significantly by regulaling
the resources allocaled to them. An-
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other basie tenel of Lechnological fore-
casting is Lthe beliel thal many [utures
are possible and that the paths toward
these futures can he mapped.®

In use, a technological {orecast can
be looked al Trom two vanlage poinls.
One, in the present, gives the lorecast
user a view which shows the path that
teehnologival  progress  will  probably
Lake il it is nol consciously influenced.
In addition, the user will see critical
branch points in the road--the siluation
where alternatives [utures are possible.
lle will also gain a greater understanding
of the price of admission to those
branching paths.

The sceond vantage point is in the
future. The user sclects or postulales a
technieal situation he desires. Looking
backward from the point, he can then
discern the obstacles that must he over-
come to aehieve Lhe result he wants.
Onee again he is brought up against the
hard realities of what he must do Lo
achicve a desired result. As one user has
said:  “The process subslitules [ore-
casling for lorecrastination.”

Making Basic Forecasts. Al this peint
il is worth reviewing some of the hasics
of making Lechnological Torecasts. Let
me hasten lo say that Lhe idea is not
new. Leonardo da Vinei is probably the
prime example of the secientilic and
technical (orceaster whose knowldege
and imagination enabled him Lo lorcsee
many developments far in Lhe fulure.
Seience fiction writers Irom Jules Verne
to Arthur Clarke have also peered into
the Mture, often with great sucecess.] As
long as one remains within the general
bounds ol knowing natural laws, he is
sule in forceasting almost any technical
achievemenl and enjoying some success.
Bul a highly developed imagination
oflers little help for the technological
planner--the odds aren’t good enough,

To reduee the odds, mosl Lechnologi-
cal lToreeasts, loday, fall into four cate-
gorica: inluilive, lrend-extrapolating,
trend-correlaling, and growth anatogy.”

[n intuilive Torecasting an individual
miy make an educated guess, or he may
call on polls or pancls of experls for
advice. A Llechnique which promises to
produce more objective inluitive fore-
casts s the Delphi inethod, developed
by Olal Helmer of the Rand Corpora-
Lion. lu one version, a group ol experts
in a chosen ficld might he asked to
name leehnieal breakthroughs or inven-
tions urgently needed and realizable
within the next 38 years. The experls
arc polled by writlen questionnaires,
climinating the open debate generally
found in panel decisionmaking. As a
result, the influence ol certain psyeho-
logical factors is reduced: a persuasive
speaker, unwillingness to abandon pub-
Licly expressed opinions, or the band-
wagon elfect of majority opinion. In a
second round ol queslionnaires, partici-
pants are asked Lo give a Llime scale [or
achieving each of the items sclected.
They are also asked the reasons (or Lheir
carlicr opinions. These dala are corre-
lated and fed back to cach with a
request thal he reconsider his carlier
beliefs and submit new estimates, The
result is usually some sorl of a con-
sensus,®

The strenglh or weakness of 1elphi
or other polling systems rests upon the
knowledge or intuilion ol sclected ex-
perts. [t assumes that the consensus
cslimate is generally correcl withoul an
examination ol basie data. Mosl other
lorecasting methods are Lied directly to
basic technical data. The trend extra-
polation technique, for example, is
hased on two fundamental assumptions:
(1) the florces thal ercaled the prior
pattern ol progress are more likely to
vontinue than to change; (2) the com-
hined elfect ol these lorces 18 more
likely to extend the previous patiern of
progress than it is Lo producee a different
paltern,

One difficulty in using this tech-
nique, however, is that the longer the
period ol the forecast, the grealer the
probability that one or more of the
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assumptions made will become invalid.
The yicld strength of a material, for
example, will go up as its density is
inercased, hul there is a theoretical
limit.

The trend eorrelation method, on the
other hand, nses two or more identi-
fiable trends in a technical field and
trics to determine the probable relation-
ship of one to the other. Plotting the
speeds of military and transport airceafl
indicates that the transports lag hy a
predietable amount. Therefore, looking
at cutrent--or {uture--military aircraflt
gives a good insighl into the fulure of
airliners,

T'inally, (orecasting hy growth analo-
gies recognizes that progress in a specific
technical development has an cxponen-
tial characteristie initially, then changes
its slope and tapers off toward a hori-
zontal asymptote. This approach, how-
ever, ig good only for a short term--10
years al the most. In many cascs a new
development will take over the improve-
ment rate as the old one is running out
of steam, Mercury vapor lamps, for
example, started improving dramatically
just ag ineandescent lighting had reached
its limit.

The four teehniques diseussed have
one eommon aspeel: They depend on
historieal data and projection. There is
no provision in them for the systematie
introduction of management plans and
actions, To lake these into aceount, the
forecaster must still rely on intuitive
judgment. Newer and more sophisli-
cated attempts at foreeasting, however,
inelude a syslems analysis and a mathe-
matieal modcling approach. Hasie to
these methods is the interaetion of
human awareness of economie, social,
and geopolitical necds with the tech-
nical state of the art. The technical
inputs are formulated by methods like
those mentioned above, but they are
then examined for nontechnieal [easi-
bility.

Putting ¥orecasts to Work, In most
cases a manager docs not have a total

syslem Lo work with. Instead, he has the
results of trend extrapolations or other
regular technological forceasting projec-
tions. How does he use these data?
While there arc many approaches, the
following is on¢ which the Navy Depart-
menl is examining lo determine which
techniques can best help decide whieh
R&D projeets to fund.

We hegin wilth a Lechnical planning
flow ehart (figure 1) that shows the
“shredding out™ of all the bits and
pieces lhat eomprise the makcup of a
new vehicle. Assume that we have a
technologieal [foreeast for cach and
every parameler of the shred-out. The
forceasts, at cach lcvel of the Dbreak-
down, are the prohahle paths that vari-
ous Lechnologies will take. Armed with
this type of data, a meaningful discoursc
can ensuc belween the user and pro-
dueer. lor a piven set of operational
requircmenls and performanee charac-
teristies called for hy the user, the
techuieal planners can respond with
data that tell the user by what alterna-
tive mcans his needs can he satisfied,
and when he can expeet these Lo he
aecomplished. Many of the trade-offs-
hetween steam, diesel, and nuclear
encrgy, for example--heeome elear.

Operations officers, however, are not
fully quile so aequicseenl in aeeepling
what a planner sces ahead. When faced
with a military threat, or an anticipated
threat, they want an effcclive answer to
that threat hy a specified date. The
same holds true if they wish to create a
new foree of their own. In these situa-
tions, planners arc taking a vantage
point ai some time in the future and are
trying lo diseover if they will have the
technology they need by that time.

Cuite likely an examination of the
technological forecasts to that point in
lime will reveal that the users are not
likely to get what they want., Now, this
is ugeful information in itself, and repre-
sents an approach that is not yet widely
used in industry,
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However, this view of the Lechnologi-
cal forccasling task is not the only one.
There is the question of which path we
should Lake Lo achicve a desired resull.
By deciding on our needs in the [uture
and looking at the forecasls, we can
spot the principal obstacles standing in
our way and the wmagnitude of those
obstacles. The inference is elear: if the
given goal is to be achieved in a given
time, the efforls must be applied in the
arcas contaiming the major obstacles, Or,
we can scttle for something less with
clear knowledge of what that something
less will be. Often, this analysis will
show thalt two or more paths may be
taken to achicve the needed or ac-
eeptable capabilities. The point here is
that an environment of flexible chotee is
engendered--choices of which the nser
was nol previonsly aware. A truly eom-
prehensive  technological  forccast s
backed up not only by material and
data which were used in generating the
specilie {orecasts but also by supple-
mentary analysis of vorious subifactors
that could influence cach Lechnological
[orceast. Forecasts like these help indi-
eate the future posture of an eneruy or
compelitor. While you don’t know what
he will do, you at least have a better
idea of what he could or could not do.

Meehanics of Decisiomnaking. Now
let’s turn Lo an example and see how a
gpeeifie decision can he analyzed, based
on the foreeasting Lechniques ulilized at
the Annapolis Division of the Naval
Shil.;s Rescarch and Development Cen-
tee.” Ilorecasts for ship propulsion
systems are given in lerms of specific
weight, reliability, noise, et ectera, The
next level of consideration takes us into
the area ol subsystem segments--trans-
mission, energy converler, thrust pro-
ducer, et ectera. Fach ol these key into
an associated sct ol parameters which,
in turn, key into specific [orecasts. [n
thig fashion, we ean work our way down
the chart, {figurc 1), cventually going
into any degrec of detail we wish.

This information is used for very
praclical decisions. Marine gas Lurbines,
for example, have a tremendous poten-
tial for development. The possibilities
for highpower, lightweight, compact
power plants are unmatched in any
other lype of unit. These characteristics
are parlicubarly vital for powering new-
concepl vessels such as hydrofloils and
air-cushion crafl., In the last few years
there has been a rapid growth in the
horespower capacity ol gas turbine
unils. Fngines as large as 43,000 horse-
power have been built, and units ex-
ceeding 50,000 horsepower are pro-
Jeeted. This growth trend will probably
continue but at a lesser rate as limita-
tions of mechanical, thermal, and duet-
ing sizc arc approached. However, mueh
larger power ocutputs will Le huilt by
using multiple gas gencrators Lo drive a
single turbine engine. Power outputs as
high as 150,000 horsepower have al-
ready been atlained by this method.
The R&I) managers problem is Lo
deeide which aspeets of turbine develop-

tment are most critical,
The development teends for the

specilie weight, volume, and fuel con-
suption for a simple eycle gas turbine
are shown in the graphs (figurc 2). In all
of these lhe trend correlation (lead-
follow rclationship) was used in the
study. Aircrall gas-turhine technology
has heen Lhe leader not only beeause of
the greater aireralt speed payofl, bhut
also because the marine environment led
to problems ol ecorrosion. Now that
materials and other prohlems arce heing
overcome, the curves arc coming to-
gether-the  aireralt  experience  gives
some indication of what can be ex-
peeted in future naval turbines.

As shown in the cfficiency graph in
figure 2, the eompressor, combuslion,
and turbine elficiency have reached a
platean according to o growth-analogy
study. Any fulure improvement will be
limited. Consequenlly, these eomponent
cfficiencies will have an insignificant
effcel on future cngine charaeteristies.

https://digital-commons.usnwc.edu/nwe-review/vol22/iss4/4
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Recent improvements, moreover, have
resulted from an increase in the eom-
pressor-pressure ratio. But any further
increase will be small. Because of im-
provements in hlade loading, compres-
sors are now designed to an optimum
pressure ratio determined by turbo inlet
temperature. And this blade loading,
which has cnabled engines to ohtain
higher pressures with fewer stages,
appears to be approaching a limit,

This eombination of forccasts shows
that the addition of more beat cnergy
within the same basic engine configura-
tion--the major contrihuting factor Lo
recent engine improvement--is likely to
be the key factor in future improve-
ment. lixtrapolation of the emrve lo
temperatures in excess of 2500° 1 is
hased on laboratory tests in which
operating lemperatures as high as 4000°
I" have been achieved--another trend
correlation foreeast.

As a result of this forceasting ap-
proach we now know where our R&!)
cfforts should he concentrated. These
are the high payoffs:

(1) Cooling of turbine blades and
other components in high-lemperalure
ambients. T'his will allow higher tnrhine
inlet temperatures.

(2) New malerials and prolective
coatings for these high-ambient com-
ponents. ‘This will increase high-
ternperalure capabilities by increasing
resistance to high-lemperature oxidation
and sulfidation. An increased resistance
to thermal fatigue and crecp is also
required.

(3) Improved matcrials designs, and
fabrication techniques for regenerative
gas lurhines to rednce their cost, weight,
and bulk.

(4) l'urther applieation and adaption
of aireraft gas Lurbines and technologies
to ships.

() Altempls to improve cfficicney
of combustion, compressor, and tnr-
bine.

(6 Attempte to inercase significantly
the blade loading or ecompressor-pres-

sure ratio if accompanied by major
design changes.

The Overall Picture. Up to this point
we have been discussing the techno-
logical foreeasting needed for one prob-
lem in a laboratory. But any organiza-
tion has many such problems.* Here the
question becomes one of alloeation of
resources of men, money, and malerials.
The evaluation seenc thercfore shifts
from the teehnical specialist to the
department manager, the head of re-
search, and the overall planners. The
forecast data must be fitted into their
overall planning approach if it is to he
really uscful.

When management problems are
gimple, a decisionmaker ean examine
the various faetors he must consider
with relative case. One man, such as the
hermit in a cave, the individual home-
owner, the small businessman, or the
teacher in a oneroom school, may be
able to interrelate all of the ncecesary
information and succeed in his en-
deavors,

As the management scope becomes
larger and the complexily of problems
increases, more and different faclors
must be considered to reach a decision.
Soon, staff and management procedurcs
are needed to assist in all phases of
management. Twventually, the point is
reached where any one decision atfects
many faeels of the operation; all cfforts
become interrelated Lo an  alarming
degree.

Increasing complexities arc arlicu-
larly irue with programs or projcets
which must operate within a fixed
government  or eorporation resource
ceiling. Choices musl be made on alter-
native approaches, specifically, which
cfforts should proeced and which
should he dropped or delayed. Sinec
numerous efforts are interrelated in
time, resourecs required, purpose, and
possible technieal transler onc to an-
other, choiecs must be made with con-
sideration of the total effect. Whether

Published by U.S. Naval War College Digital Commons, 1969
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he be a manulacturer, a service industry
director, government administrator, or
universily  professor, every manager
secks the preatest payolfl for resource
investments.

What alternatives docs a manager
have for developing resource-allocation
approaches? The resource allocalion
prohlemn is usually too hig to keep in
one man’s head and often inputs come
from levels completely outside of his
control. Hundreds of inputs can he
involved when the allernatives are
examined in depth.

A familiar resource allocation ap-
proach is termed the sgueaking wheel
process. One ean eut resources from
cvery area (one ean he sophisticated and
cut some arcas more than others) then
wail and sce which arca complains the
most. On the basis of the londest and
most insistent squeaking, the manager
can then restore some of the resources
previously withdrawn until he reaches
his eciling budget.

Another common approach develops
the minimum noise level and resulis in
fewer sgncaks hy alloealing this year’s
resources in just about the same manner
as last year. The budget perturbations
arc minimized and the slatus quo main-
tained. If this level funding approach is
continucd very long wilhin a rapidly
changing technological ficld, the com-
pany, group, or Government ageney will
end up in serious trouble.

An cllortless version ol the preserva-
tion of management seenrity approach
to reaource allocation sccks to perpetu-
ate the Glorious Past. Last year, or the
year helore, or perhaps several years
ago, a division or organization had a
very successfol project, therefore why
not [nnd the wnit for the next 5 years
on any projects that they advocate? The
premise ig “once successlul, always sue-
cessful.” This method really means that
no analysis should be made ol the
proposed projeel  or its  uscfulness;
instead, projects will be assigned re-
sourees solely upon the basis of past

record of an individual or organization.

Still another way Lo allocate re-
sourees is called the white charger tech-
nigue. Here the various departments
come dashing in to top management
with multicolor graphs, handouts, and
well-rehearsed  presentations. I they
impress the decisionmaker, they are
rewarded with increased resources.
Often the best speaker or the last man

to briel the boss wins the treasure.”
Finally, consider the committee

approaeh, which frees the manager from
resource alloeation deeisions. The com-
mittees Lell the manager to increase,
decrease, or leave all allocations as they
arc. A common danger is that the
committee may not have enough actual
expericnee in the organization or sulli-
cient information upon which to hase
its recommendations, Il the committee
8 ad hoc or [rom outside the organiza-
tion, the memhers can also avoid
responsibility in not baving to  live
through the risky process of imple-
menting their recommendations,

Obviously, the descrihed allocation
methods are neither seientific nor ohjee-
tive, though they are utilized gnite
extensively. These naive approaches
point up the need of the manager and
hig staff for an aid to bring inflormation
into a form upon which judgment may
he apphed. It is a common experienec
[or an organization to have numerons
reports on speeilic technieal subjects
which recommend increased resources
for the partieular arca. But the dircel
use of this data only compounds the
manager’s problem when he ftries to
allocale resources among the many tech-
nical areas. If he is operating under a
fixed budget ceiling, to mercase {unding
for one technical arca requires that
cither one or more technical areas must
he correspondingly deercased.

Technological Resource Allocation
System. A more sophisticated alterna-
tive approach involves the use of stall or
specialists in operations rescarch. Infor-
malion they assemble can be used to

https://digital-commons.usnwc.edu/nwe-review/vol22/iss4/4
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significantly assist managerial judgment.
This is the point where quanlilative
evaluatiou technigues cnler the picture.
[ach major aspect of a program cau he
examined, first separately and then as
its is inlerrelated to competing [actors.
Items such as timeliness, cost utility or
payolf, confideuce level or risk, per-
sonuel, facililies, el eclera, ean be cvalu-
ated hy speeialists in cach ficld and the
total picture made available as a hasis
for decision. Greater payoff areas ean be
identified, and problems ean he high-
lighted. Inputs ean he accuralely re-
eorded, made clearly visible, and ana-
lyzed for assisling the final deeision.

The use of guantitalive. teehniques
permits impul lactors and possihle oul-
eome to he reexamined readily and
different managerial cimphasis applicd.
The manager ean still hedge his “alloea-
tion selections” by allocating resources
through sueh criteria as increased re-
sourees Lo previously snecessful groups,
backing a high-risk cffort-ie., a high
cost project with slim ehanecs of success
which might yicld gigantie results, The
decisionmaker  can  incorporate any
desired additional eriteria~such as the
politics of selcction, eompetitive fac-
Lows, or Lechnological barriers.

The queslion now becomes one of
allocation of the resources ol men,
money, and materials. Figure 3, the
long-range planning diagram, which is
really a broad allocation diagram, shows
the interaetions of numerous managers
from the technical specialist to the
department manager, the head of re-
seareh, and the eorporate planners. The
data must he filled inlo an overall
planning approach il it is to be really
uscful. Corporate goals are the main
topic and oceupy Lhe eentral posilion in
the charl. In order to establish corpo-
rate goals, the preliminary steps of
systems analysis, nceds analysis, and
deficiency analysis musl be accom-
plished. Afler the goals and technicat
objectives are established, Leehnology
assessmenl and R&D Programming take

place to complete the R&D resourecs
alloeation process. Bach of these steps
will be explained in greater depth,

System Analysis. Corporate poliey
must be considered and involves philo-
sophic and strategy questions, including
these: Shall | be the industry leader?
Shall T keep dbreast of the industry
technically aud sce if a major markel
develops? Tn the overall environmeul,
compelitors’ actions must he lollowed
closely, but there are other tactors such
as interest rales, business expectalion,
ceonomic [orceasls, el cctera Lo be
identified.!® IMigure 3 viewed as Lhe
eorporate planning chart, shows a
recommended  organization of con-
sideralions.

The technology ftorecasting ele-
menl acls as a catalyst in sctting and
implementing overall eorporate goals.
AL present only a handful of the largest
corporalions arc really utilizing their
full corporale technical potential. The
nexl question is how Lo relate the
technologieal lorecasts with appraisal in
this Lotal picture. A discussion of the
numerous appraisal methods would be a
long story in itsell. For cxample, all
systems employed by Lhe Department
ol Defense ulilize three major faetors in
the appraisal or normalive forecasting
process: military ulility, technical feasi-
bility, and financial acceplability. Each
of Lhese factors is amenable Lo quantifi-
eation and can be fitted into a model
which eompares the value of cach com-
ponent project or system. Due to the
complexily ol the analysis, it is ncecs-
sary Lo program the job on a computer
lo get usuable iulormation quickly. It
musl he retmembered, however, thal
these compuler processes are simply a
tool to aid the decisionmaker; the
machine merely arranges the malerial in
accordance with his instructions so that
he can quickly locus his attention on
those arcas which requirc his speeial
knowledge and judgment.

The enviconment (competition,
climate) also must be considered and
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includes such questions as: Who arc the
compctitors? What unique skills, prod-
ucts, or finanees do these competitors
possess? What is the industry-wide
elimate? Will the industry demand con-
tinue to expand rapidly, will there be a
sudden drop in demand, or will a
leveling of demand be expeeted. The
factors eonsidered under the systems
analysis allow the needs (wants) as well
a3 the unique or strong eapabilitics of
the firm to he identificd.

Need Analysis. Analysis of the
wants or desirable areas of growth for
the firm is equally as important as
defining the areas where no growth or
decline is expeeted.

The national or international
economy provides the broadest seope
for analysis of the needs for the firm’
produets or services. The stage of devel-
opment in the eountry, the require-
ments from related indnstries, the
availability and eost of eapital and
governmental eontrols may all require
attention for the proeess of determining
what the firm “wants” to do.

The industry share-of-the-market
for the firm relates direetly to its
volume. That is, in an industry of rapid
growth the individual firm may grow
while remaining constant relative to its
competitors. Conversely, the share-of-
the-market may need to he greatly
increased to remain at a level stage in a
deelining industry.

Finally, the desire of the firm and
of the individual groups within the firm
can be assessed. However, these desires
may not be attainable within the eapa-
bility of the firm. Thus, the wants need
to be balanced against the firm’s eapa-
bilitics.

Deficiency Analysis. After the
wants of the organization have been
established, the eapabilities available
must be delineated in order that areas of
deliciency ean be identified. Ordinarily,
the present capabilities of an organiza-
tion will be known, but often effort is

required by management to obtain a
comprehensive statement of its techno-
logical capabilities in terms of men,
mouey, and machines. Beeause we are
dealing with futures, the produets and
services such as new manufaeturing
methods, new materials, and advanced
skills that are forceasted to be available
must also be earefully identified. Other
resourecs available to the organization
will also be important information.
Skills or manufaeturing proeesses or
equipment, ¢l cetera may exist that
eould be available from outside the
organization when and if required.

By identifying and analyzing ihe
present eapabilities, forceasted products
and serviees along wilh other resourees
available, the deficieneics and excesses
will beeome evident. The analysis now
permits management Lo focus upon
realistie eorporate goals.

Corporate Goals. The mosat impor-
tani phase of the resourece allocation
system may now he bronghl into focus
-the corporate goals (objeetives). These
goals may be viewed by top manage-
ment from the wants {desires or needs)
of the organization which have been
earefully considered for feasihility
against the present or potential capabili-
ties of the organization. Several passes
through the analysis described above
usually are required before aeecptable
goals are aehieved by top management,

Thesec corporate goals will be
translated inlo requirements for per-
formance of the organization, or as
operational objeetives,

Fechnical Ohjectives. The idea of
applying quantitative approaches to re-
source alloeation has too long been
suspeet hy management. Currently,
both industry and government are seck-
ing tangible improvements in the results
from wusc of available resonrces.
Eeonomy drives and or eost/benefit
analyses have resulted in paved budgets
with the necd more critical than ever Lo
make hard choices among alternatives
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programs, The applieation of objective
measurements to resource assignments
bas too long heen classified as visionary
and impractical.

Yor example, how does a eorpora-
tion decide whether its allocation this
year for research and technology is
adequate? And how does it decide the
right balanece bhetween the research and
development or manufacturing projects?

A prime example of laek of quan-
titative data cxists in the area of as-
sessing technological effort. Querying
the scientist or engineer and requesting
a justification of his selection of a
program or a task (ineluding projected
benefits to a mission or product-
oriented organization) has often heen
construcd as an assault against the seien-
tific professionals’ prestige and preroga-
tives. Today, scientists and engincers are
beginning to realize that they are ac-
cepted at the highest organization levels
and that onc of the signs of this
ascendancy is their high visibility and
responsibility to the interrogation of
eriteria and rational judginents. The
technical manages intuilion can no
longer be aceepted as infallible and
heyond managerial review

Several project cvaluation and
sclection Lechniques bave as their hasis a
beliel in the cfficacy and acceplance of
Bayesian statistics and theories of prob-
ability.!***:'* Bayesians helieve that
it is correct to quantify feclings about
unecriainty in terms of subjectively
asscssed numerical probabilities. Thus,
asscssmenls are made of probabilities
for events that determine the profita-
bility or ulility of alternative actions
open to the decisionmaker.

For example, there is a necessity
to asscss the eriterion of whether a picec
of researeh is technieally feasihle (tech-
nologieal foreecasts) or what is the
probability that it will be successfully
accomplished (level of confidence cri-
terion). Bayesian theory believes that it
is possible for an “expert” in the field
being assessed to assign a {igure of merit

or “subjective’ probahility number that
the event will actually occur, This
theory states that on Lhis very subject
matler an experl can assign a “subjec-
tive” probability number {romn a scale,
for example, between () and 1. Men of
considerable experience in a field usu-
ally have no diffieulty in utilizing a
Bayesian  probability scale. In a like
manner, other criteria, such as the
utility of the rescarch to the objeetives
of the organization, or relevance to
desired priority systems or corporation
products, arc assessed (criterion of
utility).

The use of Bayesian subjective
probalilitics makes feasible the ineor-
poration into the decision process, in a
formal and visible way, many of the
subjective and objective criteria and
variables previously taken into account
by the decisionmaker informally and
without visibility.

The probability assignment, a
numhber between 0 and 10 to each facet,
factor, criterion, or parameter inherent
to a rational decision, reflects the degree
of belief held by the individual expert(s)
that the above objective will he met.

Thus the expericnce, knowledge
of the subjeet, and judgment of the
varioug experts are summarized by the
subjective probabilities that they assign
against the respecetive eriteria, The final
or top deeisionmaker then has a elear
view of the aliernatives and can use the
results of the prohability assignments of
the different experts. A eomputer ean
be used to summarize the choices or
probabilitics of the experts. The com-
puler can also be used to determine
““consequences”  if  the  probabitity
assignments ore ehanged or if the final
decisionmaker adds new information or
weighting factors, et cetera.

Advocates of alloeation and selce-
tion procedures arc accused of assuming
thal the myriad of quantitative esti-
mates of scientifie relevance, impor-
tanec, feasibility, and the like should
and ecan he collecsted and manipn-
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lated.!® Apparently the academic com-
munity also believes in the above as-
sumption. For example, in the field of
education, the nniversity admission
policy is based on a “myriad of quanli-
Lative cstimates.”

Mr. Robert F'reshman, one of the
1L.S. Air Force Laboratory planners who
was previously a professional edneator,
relates the following example.!® High
school students are admitted to univer-
sities based on the quanlitative judg-
ments of teacher grades as the key
eriterion. These teachers grade ahont
five subjeets a year, for 4 years of high
school--thns, 20 teacher judgments.
Different teachers, different suhjeets,
different tests, differenl snhject matter
taken in high schools thronghoul the
nation arc tused into onc. ‘Teacher
opinions on how to grade, biases and
prejudgments, oral recitations, grades on
nonstandardized, unstruetured suhjeet
matler and tests are all injected into the
above eonglomeration Lo form the indi-
vidual veacher’s final grade in one suh-
jeet.

High school grades for the 4 years
arc averaged to come np with one
number--the high school average-the
magie numher which has great influence
in college admission. More miraculous is
thal there is a good, positive correlation
between thie magic number and sucecss
in college. It 18 recognized that this
“quantitative estimate” of many judg-
ments is the hest single eriterion or
indicator of suceess in college; hut again
il is jnst an aid Lo the dceisionmaker.
The personal interview, eollege hoards,
or exlracurricular activitics also affect
his judgment prior lo making a final
decision.

Opinions and judgments can be
and should he weighed by every de-
eisionmaker in his final deeision. Scveral
quantitative lechniques gather and sum-
marize the opinions and judgments to
cnuble the [inal decisionmaker (like the
universily dean of admissions utilizing
teacher judgments) to visualize and

weigh, as one input to his deeision, the
judgments ol nnmerons people on
diverse factors.

Two main poinis on gnantitative
decisionmaking should bhe emphasized:

(D)The qnanlitative management
techniques discusscd do not make deci-
sions, hnt provide a basis of information
upon which decisions can be made.

(2y A validity check ean not be
made since once the resources arc allo-
caled, the plan hecomes self-fulfilling,

Subsystem  Analysis or Tech-
nology Assessment. Assessment of teeh-
nology or snhsystem analysis is cm-
ployed to answer the question: which,
when and how many resourecs should
he allocated among Lhe alternalive
projects? Since the topic is multifaeeted
it is neeessary to draw information from
a variely of sourees including operations
research, project sclection teehniques,
and technologieal forceasting.

‘T'eehnology asscssment is not offi-
eial jargon. The expression “assessment
of technology™ is nol found listed in the
lable of contents or indexes of lexts on
managemenl. Nor is it identified and
found in the general literature of
management or in otficial planning,
programing and poliey documcnts of
the Governmenl agencies.

Asscssment  is  commonly con-
sidered to mean “setting a value to.”
Assessment of technology, then, means
sctling a valuc to teehnology. Tech-
nologies include areas of speeial knowl-
cdge such as gas turbines, dicsels, ther-
mionies, thermacleetrics, fnel ¢ells, and
cnergy conversion as opposed to the
arcas of scienec which include items
such as alloy Lheory, surface physies,
cryogenics, and magnetism. The kinds
or measures of valne attributed to tech-
nologies will be diseussed later. Also, it
ean be demonstraled that the nature of
the asscssment of technology depends
on who assesses, why the assessment is
performed, and the nature of the tech-
nology itself.
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How is Technology Assessed? One
simple  lechnique of assessing  Lech-
nology uses an analogy and a rather
trivial example. To assess the value of
two baskels of [ruil with contenls as
listed in table [, Girst assess or delermine
the value of the haskels in one of many
respeels such as weight (a eritieal eri-
teria [or submarines), volume (a eritical
eriteria for spaceerall), calories (a erili-
cal criteria for weighl-watchers), and
cosl (a erilical criteria for hudgeleers).
For this example, assessmenl can he
readily done in Lerms of (inancial cost
with monclary cost values assigned to

the individual items as [ol-
lows:
L0 centa per apple
20 ¢ents per orange
30 eents per banana
Value (#1) = (5x 10) + (8 x 20} + (6 x 30)
= 50+160+ 180
= $3.90
Value (#2) = (10 x L0} +(2x 20) + (9 x 30)

= 100 + 40 + 270
= §4.10

The analogy is made by having the
haskets of [ruit represent technologics,
the fruits to represent characteristies of
parameters of the Lechnologies, and the
cosl values of the fruil to represent their
“relative importance actors,” The value
for cach haskel eun be represented by
the formula:

Value = summaltion of [{relalive imporianee
faclor) x (crileria or parameler)]

This illustration introduces the terms
“Uimportunce lactora™ and “parameters”
and demonstrates (assuming the imalogy
is valid) that the parameters, while
different from cach other, provide
measures of teehnology that ean be
taken collectively o delermine a single
numerical value whieh can be compared
Lo a similarly derived value of another
technology. Note again thal the assess-
ment could have been made for the
purpose of comparing other importanee
[actors--values of weight, volame, ealo-
ries, el eelera. L is casy Lo see that the
scleclion of the relalive importance fae-

Lors is dependent upon the paramelers
{kinds of [ruit, in the example) and
upon Lhe purpose of the assessment.
This latter dependency will be discussed
further in addressing the question: Why
(or lor what purpose) asscss Leeh-
nology? Please note that the above
example does not add logether apples
and oranges, rather, importance faetors
have heen constructed so as to cancel
the different units of fruil in the muolii-
plications and does add like units of
cost associated with each different fruit.

Another hypothetical example of
Lechnological asscssment is provided by
Keith Ellingsworth of the Annapolis
Division of the Naval Ship Rescarch and
I)cvclui)mcnl Center, [ivision Planning
Oflice.!? This one is not in the form of
an analogy nor is il trivial. IL concerns
the design of a boat for river warlare use
in Victnam, The design has proceeded
to the point where a choice nst he
made between two parameters of Lwo
hoals, as illustrated in table [I.

The two boats respeetively have
speeds (knots) and noise levels (deei-
hels) of 25K, 80db and 20K, 50db. Here
it appears dilficult to assign relative
importance factors, lut there are
methods whieh can be used. In this ease
a mission analysizs ean allow us Lo
determine Lthe relative importance lae-
tors. Emagine the hoat patrolling a river
“looking” up and down the river with
its radar. s mission is Lo prevent enemy
junks [rom erossing the river. ‘I'he more
noise the boat makes, the further np the
river the enemy can hear the boat. 'The
larther away the boat can be heard, the
more time the enemy has Lo escape by
crossing the river or by duckiug back
into a shallow creek where our boat
can’t po, and the {aster our boat must
be Lo ealch the enemy. IU is siruply a
malter of physics and geomelry 1o
determine, say for a given hoal noise,
the speed required o achieve a stated
level of mission effectiveness. The re-
sults of a mission analysis might be
staled as lor every 16 decibels of noise,
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4 knots of speed are required in order to
he able to intereept those junks up to a
mile away and in the middle two-thirds
(width) of the river. In other words, 4
decihels of noise are cquivalent to 1
knot of speed, and these are the relative
importanee factors needed. The hoat is
then selected as illustrated in table 111
Caleulations of value from data follows:
V (#1)=(25x 4) - (80 x 1) = 20
V(#2)=(20x4)- (50 x 1) = 30

Note that speed adds to the boat’s
value, noise sublracts. The above assess-
ment indieates the choice of DBoat #2.
1t’s a slower boat but its reduced noise
makes it more effeetive by the critcria
estahlished. This sort of assessment
might be done to determine operational
capabilities, to determine design eriteria,
or in resource alloeation dctermine the
appropriate levels of effort in the (wo
teehnologieal areas of boat power and
noise reduction.

Who Assesses Technology and
Why--Or For What Purpose? Intuitively,

nearly everyone asscsses technology at
some time, for some purpose, and to
some degree of sophisticalion, The
“man on the strect,” for example, may
cssentially assess the aggregates of the
teehnologics of color versus black and
white Lelevision. He may eonsider the
eollective value of paramelers such as
cost, pieture quality, repair frequeney,
and pressure {rom his wile in order to
choose whieh, il cither, lo buy. That
nearly everyone has different values was
pointed out hy Willian D). Guth and
ltenato Tagiuri which emphasized the
following points.!

“The personal values that business-
men and others have ean be usefully
classified as Uheoretieal, eeonomic,
acsthetie, social, political, and religious.

“The values that are most impor-
tant to an exccutive have profound
influence on his strategie decisions.

-Managers and employees often
are unaware of the values they posscss
and also tend to misjudge the values of
other.

TABLE I
Bosket ¥ Fruit Cost {¢/unit) Basket ¥2
5 apples 10 apples
8 oranges 2 oranges
6 banonas 9 bananas
TABLE IT
Boat ™1 Importance Factor Boat #2
25 K 20 K
80 db 50 db
TABLE IIT
Boat ¥ Impartance Foctors {db/kts) Boat 72
25 K 20 K
80 db 50 db
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“The exceulive who will take steps
to better understand his own values and
other men’s values ean gain an impor-
tant advantage in developing workable
and well-supported policies.

larlier it was stated that the
asscssment of technology depends on
who assesses, why the assessmenl is
undertaken, and on the nature of teeh-
nology itsell. A hypothetical situation
which provides some illustration of the
runge of assessors, and how assessment
might vary over this range is provided in
the following example. This example
also illustrates once of the diffieulties in
assessing technology which results from
variations ol pcople amd purposes in-
volved.

Consider the technology of hat-
terics and threc of its paramcters:
volume, cost, and time between re-
charging. A Dbroad range of asscssors
might be the following in the situations
described.

Technology
Involvernent Situalion
User licutenant, USN:

Commanding Officer
of a boat, whieh con-
lgins batteries; drift-
ing on a Vietnamesc
river on night patrol.
Chicel of Naval Devel-
opment; responsible
for Navy's total lix-
ploratory Develop-
ment  I'rogram  (Ap-
plied Rescarch) con-
sidering each year’s
fiscal budget,

Naval Architect, Na-
val  Ship Systems
Command, designing
a boat for usc in Viet-
nam,

Project engincer;
working in a Navy
R&D lab Lo improve
the general  perfor-
mance of batteries,

R&1) Manager

Boat Designer

R&I) Engincer

These [our people might assess batlery
technology using the same guantitative
techniques, where 10 is the highest
value that may he assigned and 0 the
lowest, as shown in table 1V,

Table IV shows the rclative impor-
tance [actors that the four persons
might assign to the paramcters based on
intuition. The dillercnces shown by the
varialions of relative importanee are
possihly wrue, while perhaps exag-
gerated. The importance factors were
chosen considering the [following ra-
tionalizations.

The boat operator’s life depends
to a large extent on his boat. e’
probably very concerned wheu, in the
gituation described, he must start-up his
foud cngines to charge the batteries, He
thereflore considers the necessity and
the time between recharging very impor-
tant. Ile’s probahly not too coneerucd
with the volume of the batteries so long
as they don’t infringe significantly on
ammo storage space. He probably
doesn’t care what the batterics cost,
much less the cost of the battery R&D

elfort.
The R&D manager is likely to

plaee more importance on eost and less
importance on individual performanee
charaeteristics. This i3 probably duc to
his responsibility for a large number of
Ré&1) programs and proposed programs
involving many diflerent parameters of
many dilferent technologics and the
common clement among these is cost.

The boat designer is eoncerned
with the overall performanee of the
hoat. lle must assure that all com-
ponents required [it onto the boat, and
he therclore eonsiders volume relatively
more important than cost or time be-
tween recharging.

The project engineer is concerned
with many characteristics of batteries;
he is eoncerned with the improvement
of batteries in genceral. [t is not particu-
larly required of him that he produce a
profit. Therefore he may not be particu-
larly cost conscious. 1t is not required of
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TABLE IV

TECHNOLOGY; BATTERIES
Parameter User Manager | Designer | Engineer
Volume 3 2 10 8
Cast 0 10 2 2
Time between Recharging 10 2 4 1

him, perhaps, that he produce Lhe
smallest possible hoal  battery, and
therefore he places less importanee on
volume than the boat designer does.

The above considerations suggest
that the selection by a person of relative
importance factors for paramelers
describing a technology is highly in-
NMnenced by the environment in which
the person is involved. Key expressions
taken from the ahove for the persons
described are:

Vser: life, Victnamese river {war-
[arc)

Manager: total R&D program; com-
mand

Designer:  performance of boat (sys-
tem made up of many Lech-
nologics); engincering center

R&D many characteristics ol onc

technology; laboratory

A dilliculty in assessing tech-
nology, illustrated above, is the problem
of oblaining and maintaining an align-
ment of relative importance factors be-
tween the uwsers ol rechnologies and
thosc responsible for improving the
capabilitics of teelmologies.

lu the hypothetical example, Lhe
R&I) engincer may not have heen aware
ol the degrec ol impoertanee ol a par-

licular parameter Lo a partieular user. In
other words, an R&D cngineer may nol
recognize the need for a particular
Leehnological improvement. The impor-
lance ol such need-recognitions as il
conlributes 1o the sucecssful develop-
menl of weapon systems is well illus-
trated by Lhe comprehensive Lechnology
source study Project HINDSIGHT con-
ducted by Col. Raymond Isenson and
Dre. Chalmers Sherwin of the Depart-
ment of Delense,®

R&D Programming. Vo reiterale,
three factors used by the U.S. Depart-
menl ol Delense to evaluate systems
programs ar¢ “‘military utility,” “tech-
nical feasibility,” and “linancial accept-
ability.” These {actors are also impor-
tanl when planners evalnate research
and development. llowever, il is neees
gary to quantize these factors so that
they may he compared lor different
rescarch and development programs,

One of the simpler techniques
heing investigated by the Navy utilizes
Appraisal Sheet No. 1 which addresscs
the prohlems of military utility. Military
ulility with respecl to development
atmosphere is 2 measure of R&D work
in terms of its uscfulness in meeling
11.S. Navy’s General Operational Re-
quircments (GORY. To be useful, hard-
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ware or information must provide a new
or improved eapability in the shortest
possible time alter its need is recog-
nized. Thus, military utility is made up
of three interdependent eriteria: value
tc naval warlare, responsivencss, and
timeliness. In this econdensed version, we
will consider “value Lo naval warlare.”

This eriterion considers the extent
of the contribution of a task area
objeetive (TAO), a unit of work, in
terms of its inherent value as well as its
military operational value. The impor-
tance of a task is measured by its
relative impact on any individual naval
warlare category as well as the number
ol categories rceciving a contribution
from Lhe task objcctive. This is done by
multiplying the assigned value of the
warfare category by the impact vatue of
the eontribulion to arrive al a value lor
cach individual eategory. The sum of
these values will determine the value of
the task arca objcctive.

Note: The fligures ol merit, or
point values assigned to each naval
warfare eategory (coluinn 1) are dummy
figures; they were assigued for this
example only. The actual total uumber
of points assigned these 29 naval eate-
gories arc cqual to 100, and they are
assigned for test purposes on Lhe basis
of the importance of each of these
categories in the 1975 and 1980 tlime
frame since this 1s when most ol our
current exploratory development work
will find its way into the fleet. The
operational users provided the test fig-
ures based on the prescut world situa-
tion and their cstimates of the most
probable lulute situations.

When the warlare area speeialist
filled in column 2, the impact of the
task area objeetive contribulions, he
eonsidered the deseriplors at the bot-
tom of the page (Seale of [elinitions).
In some eases the four descriplors do
not adequately deseribe the contribu-
tion; in those eases he interpolates
hetween these numbers.

The eredibility ol the ratings of

technical feasibility and the probability
of success increase il they arc rated by
personnel who have the neeessary tech-

nical expertisc and competence, as they -

can hest judge these factors on the basis
ol the ability and experience ol the
individuals and/or organizations carry-
ing on the developinent efforts under
consideration.

The top hall of Appraisal Shect
No. 2 solicits the opinion of the tech-
nical speeialist regarding the probability
of achicving the total task arca objective
that is heing undertaken. It considers
whether the task could be sucecessfully
aeeomplished [rom a scientifie and tech-
nieal feasibility point of view. Technical
risk also tokes into consideration the
degree of confidence or prediction that
the remaining portion of the total objec-
tive can he attained. The degree of
confidenee or prediction that the re-
maining portion of the iotal task ohjee-
tive can be attained usually assesses the
(actors of the present state of the art,
either implicit or explieit. This technical
appraisal is naturally based on teehnical
forecasts and ineludes time faetors and
resource levels, as well as the eompe-
teuce of the investigating team.

Therefore, the technieal specialist
cheeks the box thal best deseribes his
opinion regarding the task area objeetive
being evaluated, as well as the number
of dilferent coneurrent approaches be-
ing taken which are alse a measure of
prahability of suecess,

The area called “‘sacred cow?” and
“who says?” was also considered in
what we eall the “management environ-
ment.” This scetion solieits opinions on
the aceeptability of the eflort in the
inanagement strueture. [ere, the evalu-
ator is asked to give what he believes Lo
he “the Washington environment™ con-
siderations concerning this eflort, and
he cheeks the applieable box.

The bottom of Appraisal Sheet
No. 2 is then analyzed. The total pro-
gram is caleulated by Valuc, lixpected
Value, and Desirability Index for three

https://digital-commons.usnwc.edu/nwc-review/vol22/iss4/4
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APPIRAISAL SHEET NO. |
VALUE TO NAVAL WARFARE

Column 2 Column 3
- Value lo
General Operational Requirements Impact of Task Contribulions I ndividual

(GORs ) 1.0 qu.ﬂ.r[.n|.5|.a|.3l.z | 1] category

Column ) - Calegories

31 - STRIKE WARFARE

- Airborne Atlack

- Surlace Altack

- Submarine Allack

Amphihious Assaull

- Sea Based Stralegic Deterrence
- Airborne Anti- Air Warlare

- Surface Anti- Air Warfare

[WE) LUE] LN NN, | (W] F_ 3
'

- ANTISUBMARINE WARFARE

- Airborne ASW v 3.5
- Surface ASW Ve 2.0
- Submarine ASW v 2.5
- Undersea Surveillance v 3.0
- Mining

- Mine Countermeasures

- ASW Ancillary Support v 0.4

- COMMAND SUPPORT

Command and Conirol

- Naval Communications

- Electronic Warfare

- Navigation

- Qcean Surveillance

- Reconnaissance & |ntelligence
- Environmental Sysiems

- Special Warlare

[=-ulalalalw] 8 |l E]u]als) =

15 ~ OPERATIONAL SUPPORT
[2] - Logistics

4] - Personnel

| 2| - Astronautics

| 2] - Avialion Supporl

| 2] - Ship Suppert

| 2] - Ordnance Support

L 1] - NBC Defense

4. TOTAL VALUE TO NAVAL WARFARE -

Scale of Definitions for "I mpact of Task Ceniribution®' (Column 2):
Points - Descriplors

|.0  Creation of radically new mission concepts (meels overriding critical need}
.7 Rewlutionary exlension of capabilities

.4 tncremental or marginal improvement of capabilities

.2 Increase in economy
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AFFRATSAL SHEET NO, 2

Probablility of Success

[C] 80 - 100% Chance of Meeting TAO.
E’ao - 80f Chanec of Meeting TAC,

E] 0 - 30% Chance of Meeting TAO.

Hurher of Different Concurrent Approachea

s
[

Os
S

(E!
-

Saered Cow?
8-1 [] President
3-2 [j Congress

3-3 [j oD (Department of
Defense)

7
Os

§-5 [] Jcs (Joint Chiefs
of Staff)

HE

DlO or more

Who Says?

8-4 [] AsN (R&D)(Asst Secretary
of Navy for Research
and Development)

§-7 ] odD (Chief of
Naval
Development )

8-8 [] other

§-6 [[] cNc {(Chief of Naval

Operaticns)

Appralsal Summary

No. of GORs 5
Value (V) 11,4
Probability of Succesa (Pa)

Expeeted Value (EV)

1.0 x 0.9375 =

9, 9375

10,7

Optimum Funding 2 Miliion

Desirability Index (D) 5.3%

funding levels, by the computer. The
inputs for military utility come from
Appraisal Sheet No. |

I'or example: Suppose the pro-
posed task arca objective (TA0), or
R&T) ellort, is Lo devise a system able to
detect submerged submarines a given
distahce away from a sensor, say 20
miles, We shall eonsider the criterion
“Yatue Lo Naval Warfare.” Of the 29
naval General Operational Requirements
shown in Column L of Appraisal Sheet
No. 1, the TAO would he of value und
contribute only Lo five GOR’s: Airborne

ASW, Surface ASW, Submarine ASW,

Undersea ASW, and ASW Ancillary
Supporl.

With respect to airhorne ASW, the
guccess of the R&D venlure in this
hypothetical example is considered a
“revolutionary exlension of capabilities,
and is accorded 0.7 point. At the same
time, airborne ASW is said to contribute
5 out of the 100 units assigned Lo all the
GOR’s. Thus, the value of the TAQ to
naval warfarc with respect Lo airhorne
ASW is 0.7 x 5 = 3.5, The other
calegories can be similarly evaluated for
their contributions, and the total value
of this TAQ Lo naval warfare is summed

https://digital-commons.usnwc.edu/nwc-review/vol22/iss4/4
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at 11.4, as shown on the appraisal sheet.

For our caleulation of the Proba-
bility of Success (Ig) in meeting the
TAO, we usc the prohability chart
shown on tablc V. In this chart, n is the
number ol concurrent approaehes used
to accomplish the TAO, and C is a
number arbitrarily assigned to the
chanees of succeeding in a given ap-
proach. We usc:

80 - 100% chance of success: €= 0.8
30 - 80%
0-30% chance of success: C=0.2

We assume that all approaehes n
have the samc ehanee ol suecess, and
therefore the same value of C. If each n
were to have a different C, a more
involved ealculation would have been
necessary.

The number assigned to the
probability of one approach failing is
then (1 - C).

The number assigned to the
probalility of n approaches failing is {1
-Cyn,

[Further, if we assume that at least
one ol the approaches laken will sue-

chanee of suceess: C = 0.5

ceed, then the number assigned to the
probability of success Ps is 1 - (1-Cyn,

This Ggure for Ps is filled in on
Appraisal Sheet No. 2 under the Proba-
hility of Sucecss column.

Example: On an Appraisal Sheet
No, 2, we might have had 4 approachces
(n = 4) with a 30-80% chance of
mecting TAO (C - 0.5). Then the num-
ber corresponding to the probability of
success is 0,93750 or 93.75 per cent.
From our previous example we calen-
lated the total value of a given TAO to
be 11.4. Therefore, the expected value
is 11.4 x 0.9375 = 10.7.

The preeeding has been a discus-
sion of eoneurrent approaches, 1f the
task area were made up ol phased or
sequential operations, these probabili-
ties would be handled in a different
manner.

Three funding levels are utilized in
the “concurrent™ approach: the actual/
optimum, maximum, and minimum.

The aetual/optimum consists of
the latcst approved fiscal data. For each
subsequent yecar, [unds arc entered

TABLE V
TABULATION OF P
n ¢ 0.8 0.5 0.2
L 0.80000 0.50000 0.20000
2 0.96000 0.75000 0.36000
3 0.99200 0.87500 0.48800
4 0.99840 0.93750 0.59040
5 0.99968 0.96875 0.67230
6 0.99993 0.98438 0.73786
7 0.99997 0.99219 0.79029
8 0.99999 0.99609 0.83223
9 0.99999 0.99805 0.86578
10 0.99999 0.99902 0.89263
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based on what is estimated as necessary
to achieve lhe complelion date il the
task arca i8 supported ak an optimum
rate. An optimum rate is one which
permils aggressive prosceulion using
otderly developmental proecdures--nol a
crash program,

The maximum consists of whal
could ¢lfeetively be expended in ad-
vaneing task arca completion date.
Maximum funding is the upper limil in
which unlimited resources are assigned
in order to accelerale the aceomplish-
menl of a task area.

The minimum consists of whal
could be cfleclively utilized to maintain
eontinuily of efforl and some progress
toward [ullilling the task area objective.
Minimum funding is the threshold limit
below which it would not he [carible lo
eonlinue further efforts in the task areca.

The sitmplified lormula is:

VALUE (V) X PROB OF SUCCESS (P,) =
EXPECTED VALUE (EV)

EXPECTED VALUE (EV)_ DESIRABILITY
FUNDING LEVEL (¢) INDEX{(D)

Finishing up the analysis of the
rating sheet, “GORs” represent the
number ol general operational require-
ments affceled by the project; “Ps” as
previously staled, s read off a proba-
bility chart; and the optimum lunding
level is determined according to the
resources  needed 1o complete  Lhe
projecl in the lime span ol the study.
The final desirability index numbers
now provide a way Lo compare a greal
multitude of eurrent and proposed &1
projects. By carrying out similar evalua-
tions on the basis of responsiveness Lo
expecled uceds, the limeliness of the
projeels, and other crileria, it is possible
to combine all the information about
the project and come up with its “total
warlare value.”

The end results of a rescarch and
development planning effort like this
are eompuler printouls {ligures 4 and 5)
which rank every projecl aceording to
its value in the overall program. In the

Navy this comes to over 700 separate
R&0) projects. [ would be a mistake,
however, Lo think that the impressive-
looking compuler prinlouls are taking
over the [inal decisionmaking job. Mosl
ol those who design and work with
informalion systems like the one de-
seribed [ully realize thal lechnological
forceasls and quantilative estimates of
project value are no more or less than a
planning tool--and only one of many
that a manager must use in making linal
decisions,

Conelusions, 1 am well aware of
many of the omissions and weaknesses
ol thesc uantitalive selection or re-
source ullocalion techniyoes, It should
he stressed again that they were nol
intended Lo yield decision, but rather
information which would facilitate deci-
sion. Indeed, Lhese teehniques are
merely thinking  struclures Lo force
methodical, meticulous consideration of
all the [laetors involved in resource
allocation. Data plus analysis yields
information. Information plus judgment
yields decisions.

Dala + Analysis = Information
Information 4 Judgmenl = Decision

1 arn firmly eonvineced that il ! had to
choose hetween any machine and the
human brain, [ would seleet the hrain.
The brain has a marvelous system thal
learns [rom expericnee and an uncanny
way ol pulling out the salient faclors or
rejecling uscless information. Tt is wroug
to say thal onc mustl scleel inluilive
experience over analysis or minds over
machines; really they are not alterna-
tives, Lhey complement cach other.
Used together, they yicld results [ar
betler than il used individually.

A close look al a few “lacls™ eon-
cerning the quantitalive resouree alloca-
lion methods shows these approaches to
be merely experimental  management
technigues. The Tact thal a compuler or
an adding machine may be used Lo
facilitate data handling should in no
way distract [rom the basie [act thal

https://digital-commons.usnwc.edu/nwc-review/vol22/iss4/4
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human subjective inputs are the founda-
tion of these systems. Accurate human
calculation, as opposed to use of a
computer for the calculations of all the
interrelationships considered, would not
alter the basic principles of these
management tools in any respect. Yet, |
often hear the reactionary complaint
that quantitative measurements cannot
be applied to management processes
because human judgment cannot be
forsaken, and machines cannot replace
the seasoned experience expertise of the
manager.”®

The real concern should be directed
toward using the collective judgment of
technical statfs (technological forecasts)
and decigionmakers in such a manner
that logically sound decisions are made,
greater payoff is achieved for the re-
sources committed, and that less, not
more, valuable scientific and engineering
time expended. To make an incorrect
decision is understandable, but to make
a decision and not really know the basis
for the judgment is unforgivable. The
area of good resource allocation cer-
tainly must have advanced beyond this
point, otherwise, a pair of dice could
replace the decisionmaker.

Most of the managers who design and
work with information systerms [ully
realize that technological forecasts,
quantitative estimates of project value,
and other aids to resource allocation are
merely a planning tool--and only one of
a brand new kit of advance decision-
making devices.

Even this caveat, however, does not

defuse critics of the whole idea--and
there are some very vocal ones around

in government and business. Some of
the criticism is in reaction to the fear of
“mechanization” of a task felt to be
rightfully in the province of human
evaluation. Other critics claim that
building up a logical system, com-
puterizing the output, and quantifying
what are essentially intuitive and judg-
ment decisions may insulate some
managers with a false sense of security.

The validation of the process will not be
continued, and management respon-
sibility will be abandoned. Another
criticism stems from the use of esti-
mates as basic figures in the analysis.
This kind of objection can also be
applied to decision based on “ex-
perience” and made without a quantita-
tive approach.

Technological forecasting and sys-
tematic analysis tend to force managers
to consider their resource allocation
tasks more comprehensively and high-
lights problem areas that might easily be
overlooked by more traditional ap-
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proaches. Ilowever, regardless of the tributed  to  these planning  devices,
high degree of sophistication heing at- managers should nse them with eaution.
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NEW

HORIZONS

(Thia new section of the Naval War Coilege Review has been eatablished in a
further effort to stimulate imaginative thinking on the problems facing the Navy
and the nation. “New Horizons,” which will appear periodically in the Review,
will serve as a vehicle for short articles embodying ideas and eoneepts currently
under study and research at the Naval War College. They are offercd not as
finished products of research, but as essays to stimulate diseussion and comment
and therefore do not reflect in any way the offieial position of the Naval War

College or the Navy Department, Ed.)

AN INDIAN OCEAN
ANZUS SQUADRON

By the end of 1971 the British naval
presence, which has dominated the In-
dian Occan basin for over a century, will
cease to exisl, This withdrawal will leave
in its wake a power vacuum alarmingly
similar to that ereated in the Middle
East by the removal of British land
forces from Palestine. The nations east
of Suez, many of them newly indepen-
dent, militarily weak, and politically
unstable, will he exposed to the dual
peril of internal turmoil and external
pressure--partieularly from Communist
nations.

A nuclear menace posed by Commu-
nist China would inercase enormously
the pressures for nuelear proliferation,
particularly iu the ease of India, which
bas so far foresworn nuclear weapons.
Some U.S. allies--specifically Thailand--
are already visibly nervous over IS
intentions when the Vietuam contlict is
tinally ended.

The prospect of a possible U.S. with-
drawal from Southeast Asia, coupled
with that of a Red China internally
stable and eapahle of moving aggres-
sively on the international scene, is as

threatening as it is plausible. Red China
will be [ree Lo look afar--particularly at
the attractive potential of the many
countries hordering the Indian Ocean.
To this may be added the clear demon-
strations of Russian interest and inten-
tions in the region. Soviel naval vessels
hased as far away as Murmansk and
Vladivostok already roam the vicinity,
despite logistics problems made more
complex hy the closing of the Suesz
Canal. All indieations are thal the
U.5.5.R. now plans to replace the Brit-
ish as the major naval power, with a
permancnl force in being, in the Indian
(Ocean area.

It is possible that the United States
might delermine to maintain a substan-
Lial permanent naval force in the area to
eounter such a Russian ehalleuge. Bul
the clear trend in foreign policy think-
iug in the United States would appear to
lead away from any (urther overseas
involvement and “entangling” commit-
ments even Lo old arcas of responsi-
hility, much less to a new area sueh as
the Indian Ocean. The statement has
repeatedly heen made, “The United
States should not be the unilateral
policeman of the world.” Moreaver, the
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cost of maintaining a halanced force of
any size in that arca would be eminently
unpopular in the aftermath of the ex-
pensive Vietnam experience.

And yet let us consider for a moment
the potential eonsequenees which could
ensue if the frec world were to abdicate
[rom the Indian Occan. In the Mediter-
rancan the U.5.5.R. has pursued a mani-
fold atrategy comhining a suhstantial
naval presenee (complete with amphibi-
ous capabilitics), military and economie
aid to selected states, and overt politieal
support for local nattonalist causes. The
result has heen that Syria, the UAR,,
and Algeria are now palpably eontained
in the sphere of Soviet influence. Might
not the poliey which has functioned so
admirably in the northern tier of Africa
meet with equal suecess in littoral Fast
Africa, in the Red Sea, in the Persian
Gulf, and cven in those chicf prizes of
South Asia--India and Pakistan? The
eircumstances which might lead to en-
larged Soviet influence are not difficult
to imagine.

In 1964 the British eommando car-
rier HM.S. Centaur was cruiging with
two destroyers off the coast of Vast
Africa when a message was reeeived
from the Ministry of Defense in I.on-
don--“Capture the Tanzanian Army.”
The army had mutinied, and President
Nyerere had asked the liritish for help.
Only hours later Centawr was off Dar s
Salaam, the Tanzanian capital. By the
following nightfall, Centaur’s com-
mando forces of Royal Marines whieh
had been lifted ashore by helo had
eompleled their mission. The command-
ing officer was able Lo dispatch the
message--“Tanzanian Army captured; in
barracks.” In 1972, with the DBritish
replaeed hy a Soviet presence, to whom
will a desperate last African president
or premier be likely to apply for assis-
tanee?

Under these eirenmstances the ques-
tion is raised as to how the ehallenge
can be met--to avoid leaving this hroad
area, one seventh of the world’s surface,

to Russian (and possibly Communist
Chinese) domination. Speeifically, how
could the Hritish military presenec be
replaced with a substitute free world
force?

The following three factors would
seem to be inherent in any solution
involving the United States:

a. It must he elearly based on a solid
international partnership,

b. It must he estahlished on an equi-
table cost-sharing hasis that would not
impose inordinate expenses on the
United States,

e. It must he flexible enough to
permit partner nations to dctach and
operate unilaterally where necessity re-
quires.

One proposal which would seem to
meel the case is the establishment of a
squadron eombined of United States,
Australian, and possibly New Zealand
eomponents with the express purpose of
eruising the region at issue. For pur-
poses of this discussion it is assumed
that New Zealand would support the
estahlishment of this squadron hut
would not actively participate beeause
of limited forecs availahle.

The force would comprise an attack
type atrcralt carricr, provided hy the
United States, and two escort destroycrs
and an oiler furnished by the Royal
Australian Navy, all to be homeported
somewhere in Western Australia--
possibly at I'remantle. The earrier need
not be a modern CVA; it would fully
saffice to remove from mothballs a ship
of the Haneock class and equip and man
it for multiple purposes, perhaps with
the designation CVM. lis air group
might be composed of two attaek
squadrons, a defensive (ighter-inter-
ceplor syuadron, an augmented troop
helo squadron, and suitable auxiliary
aireraft. A reinforced company of ma-
rines, transportable by helicopter,
would also be aboard with their sup-
porting arma and equipment. The carrier
would be [1.S. manned; the eseorts and
oller would be HRAN manned. The
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squadron commodore and staff in the
earrier would he hi-national with a U.8.
flag offieer in eommand and with an

Australian Chicf of Stall.

If the need ever arose, it would he
perleetly feasihle at short notiee to
remove the Auvstralian personnel from
the earrier to allow nuilateral action by
cither country. ‘This eapability would
always exist, even though all regular
missions wonld be undertaken on the
hasis ol [ull eoncurrenec between the
two nalions involved.

At the cconomical speed of 17 knots,
the Anzus Squadron could leave L're-
mantle and in 40 days visit, for ex-
ample, Tamatave in the Malagasy Re-
pnblic, Momhasa iu Kenya, Jidda,
Karachi, and Bombay. Without appre-
eiably extendiug the eruise time, under-
way visits eould be scheduled to several
other ports as politico-military expe-
dients demanded. With five cruisers a
year, the squadron eould make an
appearanee in a port or off the eoast of
every nation iu the Indian Oeean hasin,
stopping several times annually at key
points. In eonlingeney situations the
[oree would he positioned as neecssary
to meel the need.

Cost sharing would be inherent to
the bi-national eoncept of the Anzns
Squadron: operating costs to the United
States would be limited to those relating
to Lhe earrier, Australia, whieh would
support all expenses ineurred by her
own naval unils, might reasouahly par-
tially offset any gold flow problem
associated with U.S. personuel and
dependents living there with compensa-
tory purchases in the United States.

Morcover, those ecosts which the
United States would have Lo bear eould
be minimized in scveral ways. The re-
commissioned earrier would involve
only standard operational eosls of per-
sonnel, current ship maintenance, and
fuel. In the light of the squadron’s
mission, its aireraft could well be taken
from ohsoleseent existing stocks sche-
duled [or replaccment, rather than new,
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high performanee, expensive models,
The RAN oiler would provide for under-
way [ueling. Cuwrrently availahle 7th
Fleet replenishment forecs--perhaps
rendezvousing with the U.S. carrier in
the Malacea Straits or Bay of Hengal

area on cach ol its five eruises--should
he ample to supplement the maiu logis-

tic support of Australian Navy shore
aelivities. Spare parts and teehnieal sup-
port could be provided through the line
of eommuniealion {I.OC) hetween
CONUS and the Naval Communieations
Statiou, Uarold L. Holt, at North West
Cape, on the coast north of I'remantle,

[Homeporting the squadron in Aus-
tralia would obviate a baekup earrier or
carriers which would otherwise be
necded for rolation--siuce short, peri-
odic overhauls in au Auvstrakiau shipyard
might well keep the earrier almost con-
tinnonsly operational. These overhauls
would be austere, without any expen-
give modernization being required. 1f
afller 2 or 3 years a major overhaul
beeame neeessary, the CVM conld be
temporarily rtelieved for the period
neecssary by another U.S. earricr due
for decommissioning, No commisspry or
exchange [neilities would be needed.
The Australian cconomy should well
sulliee Lo meet the necds of U.S. per-
sonnel. The permanent, bi-national
character of the mission would clearly
he reinforeed by Australian homeport-
ing, sinee close personal relationships,
mutual understanding, and fricndly co-
operalion would be sure to result. This
association with a Commonwcalth eoun-
try is partieularly attraclive for political
and psychological reasons because 11
nations in the Indian Oeean are are
members ol the Commonwealth, 1.8,
partnership with a major indigenous
eountry ol the arca would make the
U.S. permanent military representation
there more aceeplable than a U.8. uni.
lateral prescnee.

The image of the Anzus Squadron
could thus be projected as one of
reassurance and pgoodwill, with the
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ready capability for missions of peace-
keeping and politico-military impor-
tance. 1t eould stand off the Fast
Afriean coast in situations similar to the
Congo, cvacualing personnel as ncees-
sary with ils large troop helicopters;
when requested, it could come swiftly
to the assistance of a government in
distress as [1L.M.S. Centaur did in 19064,
gerving as a strike carrier/assault force,
airliclds could be scized and held for
landbased air to arrive under extreme
emergeneies; it eould be a “holding
foree™ in some situations until major
7th Ilect or Strike Command forees
might arrive on Lhe secne; and, above
all, the squadron eould quictly demon-
strate iis flexible strenglh 1o stales in
need of reassurance by continyous visils
throughout the region. lts nuclear re-
taliatory capacity eould be dealt with in
low key or not at all, as circumstances
indicated.

In sueh a manner the power void
created by the DBritish withdrawal east
of Sucz could be decisively and per-
manently filled by free world powers
without great expense to the United
States and without the risk of accusa-

tions of unperialistic self-interest. 1ix-
ternal threats to indigenous eountries
would be cifectively deterred and a
stabilizing influcnee applied 1o the po-
litical and soeial turmoils ol internal
unrest so common in the area. The
Anzus Squadron would represent a tan-
gible, credible, friendly military pre-
sence Lo such Middle Iastern states as
Iran and Saudi Arabia to counter any
potential pressure from the [LA.R. or
U.5.5.1%. Threats of Chincse Communist
nuclear blackmail would be effectively
neutralized, lessening Lension and ameli-
oraling the elimate for nonproliferation.
And lastly, a constraining influence
could be exerted on the perennial alter-
cations between India and Pakistan.

There wonld appear to be many
advantages and benefits in establishing
an Indian (cean Anzns Squadron, The
only alternative might well be to offer
an almost irresistible incentive to Russia
or Communist China to step into the
void created by the British withdrawal,
unchallenged, and 1o relinquish the
region Lo the instability whieh promises
to plague it for a long time to eome.

\+1

Never tell people how 1o do things, Telt them what to do and they
will surprise you with their ingenuity.

George 8. Patton, Jr.: Var As I Knew It
1947
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